Local order and lattice dynamics in the ordered phases of T.B.B.A.
(Terephthal-Bis=Butyl-Aniline)
A. M. Levelut (*), F. Moussa (**), J. Doucet (*), J. J. Benattar (**), M. Lambert (*) (**) and B. Dorner 2014 This paper reviews the main results on the structure and the dynamics of the ordered smectic phases of T.B.B.A. The study of lattice dynamics by means of neutron coherent inelastic scattering bears out the X-ray measurements : the smectic Bc and Ec phases show a conventional three-dimensional order, however the molecules may perform motions with large amplitude, this makes the observation of collective modes rather difficult. Moreover we have restarted with neutron techniques the work done with X-rays on the local herring-bone order in the smectic Bc phase of T.B.B.A. Because of the energy analysis, the neutron measurements give better measure of the sizes of different types of domains. It seems that the molecule tilt angle induces only a little anisotropy in a given domain, and thus it is the coupling between smectic layers which favours the growth of a preferential domain near the transition SmBc ~ SmEc. Moreover a lifetime of the domains has been measured, and appears to be slightly greater than the relaxation time for individual rotational motions of the molecules.
J. Physique 42 (1981) 1651 [2] or the nuclear magnetic resonance measurements on different nuclei [3, 4] In the smectic Bc phase, molecules undergo orientational jumps around their long axis, which gives an almost hexagonal structure. The incoherent quasielastic neutron scattering [2] shows this orientational motion and the relaxation time is about 10-Il s.
The rotation of the molecules around their long axis is not completely [4] (Fig.1a) In the SmEc phase, the molecular rotations are frozen. Therefore the incoherent quasi-elastic neutron scattering [7] and the quadrupole resonance [4] (Fig. 2) .
The crystalline phase is better ordered and is quite different from the smectic phases because reflections with high indices are observed. That means the DebyeWaller factor is the same as that of an usual crystal [8] .
The molecules have a « cis » conformation but the homologous phenyl rings of the molecules are nearly parallel, the structure is indeed quite different from the herring-bone packing of the smectic phases (Fig. 3 ).
However some disorder remains since the terminal methyl groups have motions with large amplitude [2] . A study of the structure shows that one of the methyl groups performs a nearly complete rotation, the last C-C bond describing a cone while the other methyl group oscillates in a plane [8] .
The The plane defined by (a*, c*) which contains the molecular long axis c in the smectic phases, and which is normal to'the layers in the three phases (smectic and crystalline) (Fig. 4 a) . The plane defined by (a*, b*), normal to the axis c and which contains the binary axis b for the three phases.
Our investigations were concerned with the following points : the study of phonons propagating along the c* direction, i.e. perpendicular to the layers in the crystalline phase. These excitations have a peculiar behaviour in the smectic phases, so they will be treated separately. 3 . Phonons in the solid phase, comparison with the smectic phases.
The study of non-deuterated single crystals [5] had allowed us to determine the beginning of several acoustic branches; the large incoherent background prevented us from measuring phonons far from the zone centre. With deuterated crystals we have been able to measure phonons in nearly the whole Brillouin Zone [13] . One has to note that all In figure 4b we report the dispersion curves of phonons propagating along a* and in figure 5 those which propagate along b* both in the crystalline phase. All the dispersion curves have been determined up to the zone boundary except for the nearly longitudinal mode parallel to b*. The value of the energy of this mode is rather high at the zone boundary and the lack of scattered intensity prevented us from measuring the dispersion near the zone boundary.
We did not explore the reciprocal plane (b*, c*) because of the lack of intense Bragg peaks in the smectic phases. The nearly longitudinal mode propagating perpendicularly to the layers has been measured only in the crystalline phase, because the Bragg peak [2, 0, 10] disappears in the smectic phases.
Here, we shall give only an outline on the phonons propagating along c*, the polarization of which is roughly along a*. A more elaborate discussion will be published elsewhere.
3.1 PHONONS PROPAGATING ALONG THE a* DIREC-TION. -As this direction is not a symmetrical one, in a given geometry of the scattering process, the three acoustic modes theoretically can be observed at the same time (Fig. 4b) . Figure 6a shows conditions where « transverse » modes are observed simultaneously. Moreover figure 4a ). b) Shift of the energy of the mode with a q component along c at the point N in figure 4a ).
For the sake of clarity we have chosen to represent the dispersion branches in an extended zone scheme as they have been measured. The dynamic structure factor of the acoustic modes vanishes near the [5, 0, 0] reciprocal lattice point while it does not for the optical modes in the same conditions. The lowest dispersion curve (Fig. 4b ) corresponds to modes with polarization vectors roughly parallel to the c axis. In a simple picture, one can say that the molecules oscillate along their long axis while remaining parallel to one another and one can relate these motions to the scattered intensity observed on X-ray diagrams from scattering in a plane perpendicular to the c axis. Figure 6b shows the shift of the energy of the mode (0.13 THz in figure  6a ) when the propagating vector q has a componént along c* while the component along a* being nearly the same. We observe a rather important increase of the energy which means that the propagation is easier along the a* direction than anywhere else.
Furthermore, in a geometry of the triple axis spectrometer which favours the observation of the nearly longitudinal a* mode, we have measured two modes.
One is an acoustic mode and the other, measurable only for 0.3 a* q 0.7 a*, has an energy lower than the energy of the « longitudinal » mode but higher than the « transverse » ones. For the same abovementioned reasons, the dispersion curve of this extra mode crosses the zone boundary with a finite slope. The dependence of the extra mode on the temperature is shown in figure 7 . The intensity rises with the temperature while the energy of the mode decreases slightly.
At the transition to the SmBc phase this mode (Fig. 8) . A strong quasielastic scattered intensity much higher than the phonon one made the energy scans difficult to perform ( Fig. 9) (cf.  § 3. 3) . So almost all scans were q-scans. Moreover, the neutron groups were wider than the apparatus resolution and the intensity was low. As for the intensity of X-rays scattered in planes perpendicular to c axis, which has been seen in the smectic phases, we (Fig. 11 b) As far as the interpretation of peaks in constant energy scans [13] is concerned it is very dangerous to plot such maxima in (q -0)) space without analysis of constant Q scans in the same region. Recently we performed by constant Q scans a vast study of the concerned-region in reciprocal space.
The data are not yet completely analysed. All that can be said for the moment is that only quasielastic scattering has been observed. This means either that the transverse phonons in c direction are overdamped in the smectic Bc phase or that there exists another relaxing motion with a similar structure factor which provides a huge intensity such that eventually existing phonons cannot be separated.
We did not measure systematically in the smectic phases all the modes detected in the crystalline phase. Indeed some have been already determined on the non-deuterated crystal. On the other hand we have mostly focused our attention on the scattering connected with the rotation of molecules in the smectic Bc phase. 4 . SmBc -SmEc transition. -As mentioned above, the local order in the SmBc phase which has been identified as a herring-bone structure is characterized by 12 diffuse spots in the (a*, b*) plane, located at [ ± 2, ± 1, 0], [ ± 5/2, ± 1/2, 0] and [ ± 1, ± 3/2, 0] points on X-ray diagrams [6] (Fig. 12) , corresponding to three orientations of domains with the local herringbone order, respectively type I, type II and type III. The spreading of this diffuse intensity out of the (a*, b*) plane extends along the c* direction at any tem- perature which means the herring-bone domains are quite uncorrelated from layer to layer.
At high temperature, the twelve spots are equivalent but, on cooling down, the spots with half integer indices remain the same while the four spots with integer indices become narrower and more intense. Finally at the the temperature of the transition SmBc ~ SmEc, they become Bragg spots.
We undertook neutron experiments to separate the inelastic part from the elastic part in the scattering (which is impossible with X-ray techniques) and to get more quantitative results on the size of different domains in the layers, i.e. on the coherence length of each domain. Figure 12 shows the intensity maps in the plane (a*, b*) in the SmBc phase. The map a) is obtained from an X-ray negative photograph (wavelength of 1.54 Á) by oscillating crystal techniques. The vector q has the centre of the diffuse spot as the figure 12c , corresponds to the experimental results in figure 12b. The main difference is essentially due to the huge Debye-Waller factor which strongly reduces the experimental intensities at large angles.
It is a puzzling observation that the measured Bragg intensity at (2, 1, 0) [4] show that the molecules are almost equally distributed over six orientations, the 0° and 1800 orientations having a slightly higher probability than the four other orientations.
In (The scan at 5/2, 1/2, 0 being nearly the same as the scan at 2, 1, 0 is not shown.) 0.75, 0) and at a point (1.5, 0.5, 0) far away from the diffuse scattering (Fig. 14) . For Within the theory of critical phenomena the time constant LD(q) should decrease from going away from the centre of the diffuse spot (for increasing q) as is observed (Fig. 14) . At 
